In 2001, the AASHTO Technology Implementation Group, chose prefabricated bridge elements and systems as one of the innovative technologies that promised the highest payoff. The FHWA, through its Innovative Bridge Research and Construction program and the Resource Center, champions prefabrication for accelerated construction. Their vision is to solve bridge deterioration with accelerated construction through increased prefabrication.
AASHTO and FHWA are encouraging prefabrication technology because of the many advantages for bridge owners, engineers, builders, and the traveling public. First, use prefabricated elements or systems to minimize traffic impacts. Precast contractors can perform time-consuming formwork assembly, concrete casting, and curing offsite in the controlled environment of a precast plant. Prefabricated bridge designs are more constructible because the offsite work reduces time onsite. Constraints, such as heavy traffic, extreme elevations, and long stretches over water, and tight urban work zones, are overcome through prefabrication. Safety improves because prefabrication reduces the exposure time for workers and the public who travel through construction zones. Precast elements and systems work well to accelerate both rehabilitation and new construction. Shipment of precast components to the job site reduces impacts on the environment. Finally, prefabricating takes elements and systems out of the critical path of a project schedule. Precast fabricators can produce quality components or systems in a controlled plant environment in much less time than is required on site. Improved quality translates to lower life-cycle costs and longer service life.
The paper includes a background on precast concrete bridge construction, an overview of precast concrete deck construction, fabrication transportation and erection, sustainability issues and total precast bridge construction. The benefits of precast prestressed concrete for bridge construction include speed, durability, minimum traffic interruption, assured plant quality, minimum maintenance and attractive designs.
New ideas are required to address the dual needs of faster construction and long service life. Some case studies from the United States and Canada offer new ideas on techniques and construction details to achieve the goal of: "Get in. Get out. Stay out."
PREFABRICATED BRIDGE ELEMENTS AND SYSTEMS Advantages
Prefabricated bridge elements and systems offer bridge designers and contractors significant advantages in terms of construction time, safety, environmental impact, constructability, and cost.
Minimize traffic impacts of bridge construction projects
Using prefabricated bridge elements and systems means that time-consuming formwork construction, curing, and other tasks associated with fabrication can be done off-site in a controlled environment without affecting traffic.
Improve construction zone safety
Because prefabrication moves off-site so much of the preparation work for bridge construction, the amount of time that workers are required to operate on-site, frequently in or near traffic or at elevations or over water, is greatly diminished. Job site constraints such as nearby power lines are minimized when contractors can complete most of their construction off-site.
Make construction less disruptive for the environment
Using prefabricated substructure elements reduces the amount of heavy equipment required and the amount of time required on-site for heavy equipment. Keeping equipment out of sensitive environments is less disruptive to those environments.
Make bridge designs more constructible
Many job sites impose difficult constraints on the constructability of bridge designs: heavy traffic on a provincial highway that runs under a neighborhood bridge, difficult elevations, long stretches over water, restricted work areas due to adjacent stores or other facilities. Using prefabricated bridge elements and systems relieves such constructability pressures.
Increase quality and lower life-cycle costs
Prefabricating elements and systems removes them from the critical path of a project schedule: work can be done ahead of time, using as much time as necessary, in a controlled environment. This reduces dependence on weather and increases the control of quality of the resulting elements and systems. All projects that use prefabricated bridge elements and systems increase the quality of their structures; most also lower life-cycle costs.
Traffic and environmental impacts are reduced, constructability is increased, and safety is improved because work is moved out of the right-of-way to a remote site, minimizing the need for lane closures, detours, and the use of narrow lanes. Prefabrication of bridge elements and systems can be accomplished in a controlled environment without concern for job-site limitations, that increase quality and can lower costs. Prefabricated bridge elements tend to reduce costs where use of sophisticated techniques would be needed for cast-in-place, such as in long water crossings or higher structures, like multilevel interchanges. 
Concrete Trial Batch
The final concrete mix developed for each precast unit was cast and tested prior to production of the units. Test results were submitted for 28 day strength, rapid chloride permeability and hardened air void tests. A comparably thick test unit was cast to monitor the core heat generated by the stem units during curing
Abutment and Wingwall Production
Abutment and wingwall units were cast at Pre-Con's Brampton precast plant. Units were cast with the exposed face on the down side of form. All units were cast with conventional reinforcing steel.
All units were cast with High Performance Concrete (HPC). Special curing requirements were carried out in conformance with the specifications.
The concrete temperature was monitored and controlled. Thermocouple wires were placed at the centre and the surface of the units. Wires were cast at 3 locations per unit to monitor the temperature. Thermocouple wires were connected to dataloggers for recording and downloaded daily. Temperatures were recorded every 30 minutes for 7 days. Manual temperature readings were taken at specified intervals during the 7 day curing period.
Temperature Restrictions
To prevent shrinkage and microcracking, the concrete temperature was maintained between 10 0 C and 70 0 C and the temperature difference between any one set of the centre and the surface thermocouples could not exceed 20 0 C. If the limits were neared or exceeded, the surface temperature was raised or lowered through use of hot or cold water as necessary. The core temperature could not be influenced.
All units were wet cured with burlap or filter cloth for a 7 day period. Soaker hoses were used to keep units continuously wet during the 7 day curing period. Moisture vapour barrier was used to prevent air flow between layers during the curing period Girder/Deck Production One girder/deck unit cast per day was precast at Pre-Con's Woodstock, ON, precast plant using a reusable wood form. Units were prestressed and conventionally reinforced, similar to typical CPCI girder units -but with a monolithically cast deck slab above. The girder deck was formed with a parabolic shape in elevation and cross slope in section to account for girder camber and cross fall.
The deck side form was notched for projecting reinforcing steel -to ensure proper alignment with steel in adjacent units. Focus was placed on the edge detail, girder-to-girder.
High Performance Concrete was required for production of these units, together with similar curing and temperature restrictions/monitoring procedures used for the abutment and wingwall units. Centre and surface thermocouples were cast into unit: 3 wires/deck, 2 wires/girder and 3 locations per deck and girder (15 thermocouples/unit total).
A 7 day wet cure with burlap was maintained, including a layer of plastic vapour barrier. Temporary steel stands were required for stability after the girder/deck units were removed from the wood form.
Girder/Deck Shipping
Temporary steel strands were needed for stability during shipping.
Abutment/Wingwall Installation
The precast units were erected in two mobilizations. First the stems and wingwalls were installed beginning July 28, 2004. Units were shipped flat. The steel pile and HSS knee bracing system was installed by the general contractor. This system also acted as a temporary lateral support for abutment stem units.
For stability, the outer abutment stem units were erected first. Wingwall end reinforcing was threaded through the reinforcing of the stem units. Wingwall units were set on steel piles and connections were made between stem and wingwall units. Installation of the stem and wingwall units took place over two days
Post-Abutment Installation Site Work
Cast-in-place bearing seats and closure strips between stem units were poured by the General Contractor after installation was completed. Lateral bracing was removed when the concrete reached minimum strength.
Girder/Deck Installation
Minimum design strength of the cast-inplace substructure portions was required prior to girder/deck erection. Units were erected on August 19, 2004 -3 weeks after the stems and wingwalls. Units were shipped over a two day period to reach site at the required time.
Units were erected from a temporary bridge adjacent to the site. The middle units were placed first and braced temporarily to the stem units for stability before adding the permanent steel diaphragms. Adjacent units were then installed and connected to the diaphragm steel before releasing the crane.
Differential camber was monitored in the plant and checked at erection to ensure allowable tolerances were not exceeded. The deck cross slope was checked after each girder was installed to maintain a constant cross fall.
Installation continued outwards until the entire deck was complete. Bracing from the middle unit to stem could then be removed. Installation progressed quickly and was completed within one day.
Post-Girder/Deck Installation Site Work
Cast-in-place concrete was installed in the pour strips between adjacent girder units. The end diaphragms were poured by the general contractor after the precast units were erected -along with the other work performed on a typical bridge structures (approach slabs, barrier walls, etc.).
Moose Creek Bridge Opening
The bridge was opened to traffic on the evening of October 27, 2004. 
Conclusion
The Mosquito Creek Bridge, built in North Vancouver in 1952, has the distinction of being the first prestressed concrete bridge built in Canada. The bridge used precast pretensioned slab girders. This bridge proved to be both economical and satisfactory from a structural viewpoint. The bridge is still in service, having been widened on both sides over the years.
The structural precast concrete industry has extensive knowledge and experience in the manufacturing, delivery and installation of precast bridge components. The industry is ready and willing to work with ministries of transport, bridge consultants and contractors under certain conditions:
• Standard tender methods are not conducive to innovative solutions. In many cases, precast manufacturers are reluctant to share their expertise and ideas with others prior to bidding. • If the idea is to speed up construction, put a value on the reduced time and require guaranteed schedules.
• Scope and contracts should be performance related and clearly outline all functional requirements of a structure.
• Don't be afraid to try new ideas. Keep an open mind. Not everything will work as expected. Some ideas will exceed expectation. There has to be a reward to promote innovation and incur risk.
Use prototypes to try out new techniques on a smaller scale. Be prepared to pay a premium for these trials. If the prototypes are successful and/or require modifications, proper tooling up and formwork can be purchased when these prototypes become standard construction methods for future projects.
